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Résumé de la publication 
L'Embrochage Centra-Médullaire Elastique Stable (ECMES) est le traitement de 
choix des fractures du fémur chez l'enfant en âge scolaire. Il est pratiqué avec 
succès chez le jeune enfant, alors que l'lmmobilisation par Plâtre (IP) était la 
technique la plus largement utilisée jusque-là. 
Méthode : Une analyse rétrospective comparant deux groupes d'enfants âgés de 1 à 
4 ans avec des fractures diaphysaires du fémur a été effectuée. Deux hôpitaux 
universitaires, utilisant chacun une méthode de traitement spécifique, ont participé à 
cette étude : l'IP dans le groupe 1 (Bâle, Suisse) et l'ECMES dans le groupe Il 
(Lausanne, Suisse). 
Résultats : Le groupe 1 inclue 19 enfants avec un âge médian de 26 mois (12-46 
mois). La médiane du séjour hospitalier est de 1 jour (0-5 jours) et le plâtre est laissé 
en place pour une durée médiane de 21 jours (12-29 jours). Une anesthésie 
générale a été nécessaire chez 6 enfants et une sédation chez 4. Des lésions 
cutanées secondaires au plâtre sont apparues chez 2 enfants (10.5%). La médiane 
de la durée du suivi est de 114 mois (37-171 mois). Aucun défaut de consolidation 
n'est à déplorer. Le groupe Il inclue 27 enfants avec un âge médian de 38.4 mois 
(18.7-46.7 mois). La médiane du séjour hospitalier est de 4 jours (1-13 jours). Tous 
les enfants ont nécessité une anesthésie générale pour la mise en place et pour le 
retrait des broches. La mobilisation et la mise en charge complète du membre ont été 
permises respectivement à une médiane de 2 jours (1-10 jours) et 7 jours (1-30 
jours) postopératoires. Une complication sous la forme d'une extériorisation à la peau 
d'une broche a été notée chez 3 enfants (11 %). La médiane de la durée du suivi et 
de 16.5 mois (8-172 mois). Aucun défaut de consolidation n'est à déplorer. 
Conclusion : Les jeunes enfants présentant une fracture diaphysaire du fémur, traité 
pas IP ou ECMES, ont des résultats favorables et des taux de complications 
similaires. L'ECMES permet une mobilisation et une charge complète sur le membre 
fracturé plus rapide. Mais comparé à l'IP, l'ECMES requiert un plus grand nombre 
d'anesthésies générales. Chez un enfant d'âge préscolaire présentant une fracture 
diaphysaire du fémur, l'application immédiate d'un plâtre par une équipe 
orthopédique pédiatrique entrainée à la mise en place de plâtre chez l'enfant, permet 
un retour à domicile rapide et un taux de complication bas. 
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Abstract Flexible intramedullary nailing (FIN) is the 
gold standard treatment for femur fracture in school-aged 
children. lt has been performed successfully in younger 
children, although Spica cast immobilisation (SCI) has 
been the most widely used strategy to date. 
Metlwd A retrospective analysis was performed between 
two comparable groups of children aged 1-4 years with a 
femoral shaft fracture. Two University hospitals, each 
using specific treatment guidelines, participated in the 
study: SCI in Group 1 (Base!, Switzerland) and FIN in 
Group II (Lausanne, Switzerland). 
Results Group I included 19 children with a median age of 
26 months (range 12-46 months). Median hospital stay was 
1 day (range 0-5 days) and casts were retained for a median 
duration of 21 days (range 12-29 days). General anaes-
thesia was used in six children and sedation in four. Skin 
breakdown secondary to cast irritation occurred in two 
children (10.5% ). The median follow-up was 114 months 
(range 37-171 months). No significant malunion was noted. 
Group II included 27 children with a median age of 
38.4 months (range 18.7-46.7 months). Median hospital 
stay was 4 days (range 1-13 days). Ali children required 
general anaesthesia for insertion and removal of the nails. 
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Free mobilisation and full weight bearing were allowed at a 
median of 2 days (range 1-10 days) and 7 days (range 
1-30 days), respectively, postoperatively. Naïl exteriorisa-
tion was noted in three children (11 %). The median follow-
up was 16.5 months (range 8-172 months). No significant 
malunion was reported. 
Co11c!usio11s Young children with a femoral shaft fracture 
treated by SCI or FIN had similarly favourable outcomes and 
coù'1plication rates. FIN allowed earlier mobilisation and full 
weight bearing. Compared to SCI, a greater number of chil-
dren required general anaesthesia. In a pre-school child with a 
femoral shaft fracture, immediate SCI applied by a paediatric 
orthopaedic team following specific guidelines allowed early 
discharge from hospital with few complications. 
Keywords Femur · Fracture · Paediatric · 
Flexible intramedullary nailing · Spica cast 
Introduction 
Flexible intramedullary nailing (FIN) is a standard treat-
ment for femoral shaft fractures in children between 5 and 
10 years of age [l]. It is also an option in children younger 
than 5 years of age [2, 3]. However, in this young age 
group, Spica cast immobilisation (SCI) with or without 
previous traction has so far been the method of choice. 
With SCI, 3-4 weeks of immobilisation are necessary and 
leg length discrepancy, malunion, skin breakdown, foot 
drop or even compartment syndrome have been described 
[4-6]. FIN shortens the period of limb immobilisation and 
avoids cast-specific complications [7]. FIN has recently 
been performed in pre-school children with the same 
advantages as for older children [2, 3]. To our knowledge, 
no one has yet compared FIN with SCI in pre-school 
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children with a femur fracture. The aim of our study was 
to compare the benefits and outcomes of two clinically 
comparable groups of children aged 1-4 years with a 
femoral shaft fracture treated with FIN or SCI. 
Method 
A retrospective comparative analysis of two groups of 
children aged 1-4 years who sustained a non-pathological 
femoral shaft fracture was performed. Group I consisted of 
children treated by SCI between 1992 and 2002 at the 
University Children's Hospital of Base!, Switzerland. 
Immediate SCI was the treatment of choice in this insti-
tution. A period of traction up to 24 h was applied for 
fractures with significant shortening. A hip spica including 
the foot, the thigh of the injured leg and a pelvic ring was 
applied for a period of 2-4 weeks, depending on callus 
formation as assessed on follow-up radiographs. General 
anaesthesia was performed if pain contrai was insufficient 
with sedation or if the fracture was considered very 
unstable by radiological evaluation. Oral pain medication 
including AINS (analgesic-antipyretic-anti inftammatory) 
and paracetamol was always prescribed. Standard AP and 
lateral radiographs were performed on days 0 and 7, and 
following removal of the cast. 
Group II consisted of children treated by FIN between 
1991 and 2006 in the department of paediatric surgery at the 
University Hospital of Lausanne, Switzerland. Shortly after 
Metaizeau's original description [8], FIN was used exten-
sively in this institution without strict age limitation. A 
standardised surgical procedure was conducted by seven 
board-certified paediatric surgeons. Mobilisation on oral 
pain medication was allowed the day after surgery. Weight 
bearing was started on a case by case basis. Standard AP and 
lateral radiographs were performed before discharge, and on 
days 30 and 90 post-operatively (as illustrated below). 
The differences in treatment protocol between the two 
institutions gave us the opportunity to compare two clini-
cally comparable groups of children with similar femur 
shaft fractures. Hospital care, outcome and complications 
rate were assessed. In bath institutions, the patients were 
followed at regular intervals for a minimum of 2 years. The 
age of the child and the characteristics of the femur fracture 
were recorded. The defined primary outcome was evalua-
tion of malunion 6 months after trauma. Malunion was 
defined as a visible lower leg defonnity, which could be 
secondary to more than 10° rotation discrepancy by means 
of clinical evaluation, clinically visible angulation when 
compared with the healthy leg, confirmed and measured on 
the radiographs, or more than 2 cm leg length discrepancy. 
General anaesthesia, reoperations, secondary fracture dis-
placement, infection or local skin irritation by cast or pin 
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were recorded. The length of stay in hospital was calcu-
lated. Time to return to free weight bearing was evaluated. 
The two groups were compared using the Mann-Whitney 
test. A P value of less than 0.05 was considered statistically 
significant. The 95% confidence intervals and odds ratio 
were provided for presented outcomes when appropriate. 
Results 
The fracture types of bath groups are illustrated in Table 1. 
Group I included 19 children with a median age of 
26 months (range 12-46 months). There were 7 trans-
verse, 2 oblique and 10 spiral femoral mid-shaft fractures. 
SCI was applied within hours following admission, 
except for one child in whom traction was applied for 
24 h prior to casting. General anaesthesia was used in six 
children and sedation in four children. The median hos-
pital stay was 1 day (range 0-5 days) and the cast was 
kept for a median of 21 days (range 12-29 days). After 
removal of the cast and radiographie evaluation of the 
callus, the child was allowed to start walking without 
restrictions. Complications occurred in two children 
(10.5%); one had clinically significant skin pressure 
points over a wet cast and one suffered from local skin 
breakdown. Both healed completely after cast replace-
ment and local skin care. The median follow up was 
114 months (range 37-171 months). No significant mal-
union was noted, with a leg length discrepancy of 
0.5-1 cm measured in only five children. 
Group II consisted of 27 children with a median age of 
38.4 months (range 18.7-46.7 months) with 9 transverse, 
IO oblique and 8 spiral fractures. Ali children required 
general anaesthesia for nail insertion and removal, with a 
median of 101 days (range 59-161 days) between the 
procedures. They stayed in hospital for a median of 
4 days (range 1-13 days). Unrestricted mobilisation and 
weight bearing were allowed at a median of 2 days (range 
1-10 days) and 7 days (range 1-30 days), respectively, 
following FIN. Distal nail exteriorisation was noted in 
three children ( 11 % ). One child required general anaes-
thesia and antibiotics to shorten the nail and close the 
skin. This complication occurred only prior to year 2000, 
when a new nail cutter became available. This devise 
Table 1 Distribution of fracture type in the two patient groups 
Fracture type Group I SCI (n = 19) Group II FIN (n = 27) 
Transverse 7 (37%) 9 (33%) 
Oblique 2 (10%) 10 (37%) 
Spiroïd 10 (53%) 8 (30%) 
SC! Spica cast immobilisation, FIN flexible intramcdullary nailing 
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Fig. 1 Spica cast. An 
18-month-old boy with femoral 
shaft fracture. a At the time of 
injury (shortening of 2.5 cm, 
11° valgus). b At consolidation 
( 18 days after inj ury) wi th a 
varus deformity of 12° 
allowed shorter cuts of the nail, leaving Jess metal pro-
truding out of the bone, therefore avoiding skin break-
down. One child made an uneventful recovered following 
a short post-anaesthetic anaphylactic shock of unknown 
origin (Figs. 1, 2). 
Two children left Switzerland soon after FIN and three 
children did not corne back to the clinic after nail removal. 
For the remaining 22 children, a median of 16.5 months 
(range 8-172 months) follow up was available. No sig-
nificant malunion was reported, and a leg length discrep-
ancy of 0.5-1.7 cm was measured in four cases (18.2%). 
Table 2 and Fig. 3 summarise the results and illustrate 
age, complication rate and outcome in both groups. The 
relative risk of a child treated with SCI to have a com-
plication was 0.67 (95% CI 0.11-4.13) when compared 
with a child treated with FIN. The relative risk of child 
treated with SCI to have a <2 cm leg length discrepancy 
was 2.05 (95% CI 0.47-8.95) when compared with a 
child treated with FIN. These results did not reach sta-
tistical significance. 
Discussion 
Spica cast immobilisation is a simple, effective and safe 
treatment for a femoral shaft fracture in children. It remains 
universally used in ail aged groups, but is especially suited 
for children under the age of 5 years, when there is still 
significant potential for remodelling [6, 9] and the weight 
of child and cast allow for easy carrying and transfer. Over 
the last 20 years, FIN has proven more effective than SCI, 
avoiding the burden of the cast while significantly short-
ening the duration of immobilisation and the time to full 
weight bearing [ 1]. The lower age limit for FIN has yet to 
be defined and most publications now refer to the onset of 
the school-aged period (5-6 years old) as the lower limit 
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[10]. The AAOS 1 Clinical Practice Guideline for the 
treatment of paediatric diaphyseal femur fracture suggests 
early SCI or traction with delayed SCI in children aged 
6 months to 5 years [ 11]. In today' s Western society, 
children are going to kindergarten at a young age. Often 
both parents are working. Applying FIN to pre-school 
children is attractive and feasible [2, 3] but its advantages 
over SCI had yet not been evaluated. 
In group I, pre-cast traction for 24 h was deemed nec-
esSàry only in one child, allowing an early return home 
shortly after SCI. Complications were limited to cast and 
skin issues. This did not affect fracture healing. No per-
manent skin damage was observed and the two affected 
children healed completely. We conclude that, in treating 
pre-school children with femoral shaft fractures, a trained 
medical team applying immediate SCI using a strict pro-
tocol could achieve optimal results. In Base!, the paediatric 
trauma team could also count on compliant, well informed 
and trusting parents. 
In group II, the lower end nail exteriorisation was a 
technical failure, but this has been avoidable since 2000 
when a new nail cutter (TEN Cutter 359.217; Synthes®, 
Oberdorf, Switzerland), became available. In accordance 
with a previous study, we did not find any relationship 
between the type of fracture and the occurrence of nail 
exteriorisation [3]. From a review of both medical records 
and the literature, we found no evidence to support a 
relationship between the anaphylactic shock and the tita-
nium nails used for FIN. Therefore, we do not consider it to 
be a complication of FIN. 
General anaesthesia or sedation was required 55 times in 
gi·oup II (100%) compared to only 10 times in group I 
(52.7% ). This difference is significant and has safety, 





Fig. 2 Radiographie studies of flexible intramedullary nailing (FIN). 
a Day O; b day 30; c day 90 
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Table 2 Distribution of age, number of anaesthesia, complications 
and rate of malunion in both groups 
Group I Group II p 
SCI FIN 
Children (11) 19 27 
Median age (months) 26 (12--46) 38.4 (18.7--46.7) 0.0018 
Anaesthesia 6 55 
Complications 2 (10.5%) 4 (14.8%) ns 
Leg length discrepancy 5 (26.3%) 4 (18.2%) ns 
(<2 cm) 
Malunion (>2 cm) 0 (0%) 0 (0%) 
financial as well as emotional impacts that are beyond the 
scope of the study. 
As in older children, the muscle of the injured thigh can 
be painful and relative stability of FIN can produce anxiety 
when mobilising the leg for the first time. It always takes 
time for the injured child to start to movc without diffi-
culty. The median length of stay in hospital was limited 
to 1 day in group I, compared to a median of 4 days 
(1-13 days) in group II (P < 0.001). This period of time 
resting in bed was necessary to control pain and allow 
progressive safe mobilisation after FIN. The amount of 
pain in children discharged home following FIN and SCI 
was not properly recorded in the medical records and could 
nôf be assessed. 
Compared to group I, mobilisation was faster (2 days, 
P < 0.0001) and weight bearing was allowed earlier 
(7 days, P = 0.0002) in group Il. This was in accordance 
with the basic principles of FIN, which aims at early 
mobilisation and weight bearing. This retrospective study 
did not allow us to further assess the advantages of early 
mobilisation, especially with regards to the impact on 
muscle atrophy and social development, as well as on 
parents or guardians missing days at work. The theoretical 
positive impact of early mobilisation and full weight 
bearing on a very young child remains to be evaluated. 
The rate of leg length discrepancy in groups I (26.3%: 
0.5-1 cm) and II (18.2%: 0.5-1.7 cm) was never clinically 
significant, and was similar to what is found in the litera-
ture [ 1, 12]. A significant mal union, as defined by our 
criteria, did not occur. Overgrowth was not specifically 
evaluated, but did not affect bone length negatively in 
either group. However, the number of cases studied was 
not large enough to evaluate the risk of malunion with 
either treatment modality. 
In conclusion, children younger than 5 years old with a 
fomoral shaft fracture treated by SCI or FIN had similarly 
favourable outcomes and rates of complication. FIN 
required more time in hospital and more anaesthesia, but 
allowed earlier mobilisation and weight bearing. 













Ill Group 1 SCI 
0 Group Il FIN 
Hospitalisation 
(P<0.0001) 
Fig. 3 Difference in median length of immobilisation, median time 
to full weight bearing and median length of stay in hospital in bath 
groups 
In a child aged 1-4 years with a femoral shaft fracture, 
immediate SCI applied by a paediatric orthopaedic team 
following specific guidelines allowed early discharge from 
the hospital, few complications and general anaesthesia 
without significant malunion. Although a valuable and 
feasible option, FIN did not show any significant advantage 
over immediate SCI. 
A prospective study between FIN and SCI including 
evaluation of total costs, post-immobilisation pain and 
socio-economic consequences is necessary to further refine 
current AAOS recommendations [11]. 
References 
1. Flynn JM, Luedtke LM, Ganley TJ, Dawson J, Davidson RS, 
Dormans JP, Ecker ML, Gregg JR, Horn BD, Drummond DS 
(2004) Comparison of titanium elastic nails with traction and 
spica cast to treat femoral fractures in children. J Bane Joint Surg 
Am 86:770-777 
465 
2. Simanovsky N, Porat S, Simanovsky N, Eylon S (2006) Close 
reduction and intramedullary flexible titanium nails fixation of 
femoral shaft fractures in children under 5 years of age. J Pediatr 
Orthop B 15:293-297 
3. Bopst L, Reinberg 0, Lutz N (2007) Femur fracture in preschool 
children: experience with flexible intramedullary nailing in 72 
children. J Pediatr Orthop 27:299-303 
4. Anglen JO, Chai L (2005) Treatment option in pediatric femoral 
shaft fractures. J Orthop Trauma 19:724-733 
5. Berne D, Mary P, Damsin JP, Filipe G (2003) Femontl shaft 
fracture in children: treatment with early spica cast. Rev Chir 
Orthop 89:599-604 
6. Th D'Ollonne, Rubia A, Leroux J, Lusakisimo S, Hayek T, 
Griffe! J (2009) Early reduction versus skin traction in the 
orthopaedic treatment of femoral shaft fractures in children under 
6 years old. J Child Orthop 3(3):209-215 
7. Stans AA, Morrissy RT, Renwick SE (1999) Femoral shaft 
fracture treatment in patients age 6 to 16 years. J Pediatr Orthop 
19:222-228 
8. Metaizeau JP (2004) Stable elastic intramedullary nailing for 
fractures of the femur in children. J Bane Joint Surg Br 
86:954--957 
9. Flynn JM, Schwend RM (2004) Management of pediatric femoral 
shaft fractures. J Am Acad Orthop Surg 12:347-359 
10. Sanders JO, Brownc RH, Mooncy JF, Raney EM, Horn BD, 
Anderson DJ, Hennrikus WL, Robertson WW (2001) Treatment 
of fcmoral fractures in children by pediatric orthopedists: results 
of a 1998 survey. J Pediatr Orthop 21:436-441 
11. Kocher MS et al (2009) Treatment of pediatric diaphyseal femur 
fractures. J Am Acad Orthop Surg 17:718-725 
12. Mutimer J, Hammett RD, Eldridge JD (2007) Assessing leg 
length discrepancy following elastic stable intramedullary nailing 
for paediatric femoral diaphyseal fractures. Arch Orthop Trauma! 
Surg 127:325-330 
~ Springer 
